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ABSTRACT

The objectives of this study were twofold: (1) To determine the predictors of performance on a medication dose calculation test in
first year baccalaureate nursing students. The variables studied were: level of math anxiety; math personality; arithmetic ability;
program of study; age; and the number of strategies used to prepare for a medication dose calculation test. (2) To determine the
factors that affect math anxiety. The variables studied were: arithmetic ability, program of study, math personality, the number of
test preparation strategies used and age. Participants consisted of a convenience sample (n = 163) from the first year of a Canadian
baccalaureate nursing program. Participants completed a mathematics test, which served as a baseline measure of arithmetic
ability. They also completed a series of online questionnaires on math anxiety and math personality, age and program of study
(compressed program vs. collaborative program). Participants then completed a medication dose calculation test after which they
were asked how many different strategies that they had used in preparation for the test. Performance on the medication dose
calculation test was regressed on arithmetic ability, mathematics anxiety, program of study, mathematics personality, the number
of test preparation strategies and age. Math anxiety was regressed on pretest score, program of study, math personality, the
number of test preparation strategies used and age. The variables found to predict performance on the medication dose calculation
test were anxiety and program of study. Of the predictors investigated, only the “Inchworm” math personality and number of test
preparation strategies used by students significantly predicted anxiety. Strategies to improve nursing students’ ability to perform
dosage calculations should incorporate anxiety-reducing tactics as anxiety was found to be a key predictor of performance on
the medication dose calculation test. These strategies should focus on supporting students who possess an “inchworm” math
personality.
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1. INTRODUCTION

Nurses dedicate approximately 40% of their time to admin-
istering medications;[1] the expansion of nursing roles in
medication management demands competency for nurses in
this key area to maintain patient safety.[2] It is clear that
effective nursing education around accurate performance of

medication dose calculations is essential to reduce medica-
tion errors.[3] More than half of nursing students around
the world fail numeracy and dose calculation tests;[4–8] only
35% of students can achieve greater than 70% on a medi-
cation dose calculation test.[5] Factors that have an impact
on the ability to correctly calculate medication doses have
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been identified as lack of proficiency in numeracy, challenges
in correctly conceptualizing the problem, math anxiety and
lack of self-efficacy, teaching strategies, and lack of practice
opportunities during education to solidify this skill.[9–16]

The aim of this study was to explore which factors are the
key predictors of performance on a medication dosage calcu-
lation test. The variables studied were: level of math anxiety;
program of study; the number of study strategies used to
prepare for the test; arithmetic ability; age; and math person-
ality. This study was done with first year nursing students
at a Canadian university. While only limited work assessing
capacity has been published,[9, 12, 17] anecdotal evidence from
both faculty and students indicate that a problem in accu-
rately calculating medication doses exists in most Canadian
schools of nursing.

1.1 Background

Nurses dedicate significant time to administering medica-
tions to patients;[1] in this role, they are the last defense in
a series of systematic checks and balances to prevent med-
ication errors. Medication errors include selection of the
wrong medication, missed doses, and improper dose cal-
culations. Inaccurate calculation of doses represents up to
one-third of the errors that occur during medication admin-
istration.[1, 18–21] Errors in calculation when administering
medication often result in significant harm to patients.[21–24]

Despite the importance of this skill, there is evidence that
nursing students often lack a solid foundation in the ability to
accurately calculate medication doses.[4–7, 15, 25, 26] Effective
education to ensure accurate medication dose calculations
can play a key role in reducing medication errors.[3, 16]

Developing an effective teaching strategy involves an un-
derstanding of the barriers to student success in performing
medication dose calculations. The key barriers are limited
arithmetic procedural fluency, reduced conceptual compe-
tence, math anxiety, and lack of self-efficacy around med-
ication calculations.[10, 11, 13–16, 27] The limited opportunity
to practice skills during education also reduces proficiency
in medication dose calculations.[9, 28, 29] Other factors that
may alter the ability to accurately calculate medication doses
include math personality,[30] study strategies utilized to pre-
pare for a dosage calculation test[28] and prior university
experience.[31]

In analyzing student errors it appears that both conceptual
errors (inability to understand the question) and procedu-
ral errors (arithmetic errors) are made by nursing students
when performing medication dose calculations.[12, 15, 26, 32, 33]

Procedural errors result from difficulty in performing basic
arithmetic tasks such as division and multiplication; these

skills are learned in elementary school.[34] Many nursing
schools prohibit students from using calculators on dosage
calculation tests,[26, 32, 34] arguing that nurses should not de-
pend on calculators to ensure the accuracy of their dosage
calculations. The simple arithmetic errors that arise from
solving math problems without using a calculator are a sig-
nificant cause of errors on drug calculation tests.[35] It is
clear that “. . . much of the mathematics needed for practice
is actually based on Grades 5-9 mathematics content, yet
requires the lucid application of these skills to more complex
formulas, and often under stressful conditions”.[36] This aptly
illustrates the issues: nursing students do not remember the
basic arithmetic skills required, such as multiplication tables,
and feel lost without the security of a calculator, leading to
the cycle of math anxiety, reduced self-efficacy, and lack of
success.[10]

Math anxiety refers to feelings of apprehension and tension
experienced by a person that interfere with performance on
math-related tasks.[37] Significant math anxiety exists in
the student nurse population.[10, 16, 37] Students with math
anxiety struggle to perform adequately when tested due to
feelings of anxiety about their ability to perform the task
correctly.[10, 13, 37] Nursing students with low self-efficacy
and higher math anxiety have consistently been reported to
experience reduced performance on medication dose calcu-
lation tests.[7, 10, 16, 38] Nursing students who report anxiety
believe it to be related to an understanding of the real world
consequences of performing incorrect dosage calculations
in a clinical setting;[25, 28, 36] “as future nurses, students are
acutely aware of their responsibility and accountability in
drug calculation and the importance of checking answers and
getting the calculations right”.[8] In a test situation, the more
significant the consequence of failure, the greater the level
of math anxiety.[39]

Math personality refers to the way in which an individual
solves a math problem, and is based on the assessment of
Cognitive Style in Mathematics.[40] The “Inchworm” and the
“Grasshopper” personalities are at the opposite end of the
spectrum in math personality.[40] An Inchworm is an individ-
ual who solves math problems using a series of sequential
steps that must each be correct in order to arrive at the right
answer; this individual often uses paper and pen and the or-
der of steps is very mechanical and precise. A Grasshopper
on the other hand takes a ‘big picture’ view of the problem,
analyzing the relationship between numbers in order to arrive
at the right answer; this individual typically performs mental
math without pen and paper.[40] Information about math per-
sonality and performance on a medication dose calculation
test by nursing students is very limited. The original as-
sessment of math personality found a predominance of Inch-
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worm math personality (83%), and a very limited presence
of the Grasshopper math personality (3%); the remainder
(14%) were classified as Intermediate in their math person-
ality.[30] Math personality explained 17% of the variance in
the ability to calculate medication doses.[30] A more recent
analysis of math personality found that Grasshoppers make
the fewest errors and Inchworms make the greatest number
of errors when performing medication dose calculations.[15]

This study found a similar distribution of 66% Intermediate,
25% Inchworm, and 9% Grasshopper math personalities in
nursing students.[15]

To the best of our knowledge, no information exists concern-
ing the potential impact of age or program on the ability of
nursing students to perform on a medication dose calculation
test. At our School of Nursing, students may be enrolled in
one of two programs. Students entering the collaborative pro-
gram have little to no previous university experience, while
students admitted to the compressed program students have
significant previous university experience and move through
the program more quickly. While there is evidence to sug-
gest that compressed students have specific coping strategies
to deal with the speed and pressure of their program,[31] no
work has been found specifically in relation to their success
on medication dose calculation tests. An understanding of
these individual factors may help educators to be more suc-
cessful in designing effective strategies in education around
medication dose calculations that target specific populations.

To the best of our knowledge, no information exists concern-
ing the potential impact of the type of preparation for a test
on the ability of nursing students to perform on a medication
dose calculation test. This includes the number of different
strategies that are used by a student in preparation for a test.
This factor is important because students have access to a
variety of different practices strategies, some of which may
be more useful than others.

This study is designed to determine which of these six factors
have an impact on the ability of nursing students to succeed
on a medication dose calculation test. These findings will be
used to inform nursing education around effective strategies
to help nursing students develop the ability to accurately
calculate medication doses.

1.2 Research questions

1) Do arithmetic ability, mathematics anxiety, program of
study, mathematics personality, the number of test prepara-
tion strategies, and/or age predict performance on a medica-
tion dose calculation test? 2) Do baseline test score, program
of study, math personality, the number of test strategies,
and/or age predict math anxiety?

2. METHODS

This study was conducted with a convenience sample (n =
163) of first year baccalaureate nursing students at a univer-
sity in Canada using a cross-sectional design. The rationale
for choosing a cross sectional design was to enable the re-
searchers compare each proposed variable across a single
convenience sample population in a single time period; in or-
der to determine which variable best predicted performance
on medication dosage calculations. Ethics approval for this
study was obtained from the University Research Ethics
Board. Participating students were recruited from the first
year class in which medication dose calculations are taught.
Students were informed of the study by an in class presenta-
tion at the beginning of the semester. Interested students then
filled out a web-form that contained consent forms, and the
other surveys utilised in the studyThere were three phases
to the study. In Phase 1, participants completed a quiz to
assess their ability to solve basic arithmetic problems in-
volving addition, subtraction, multiplication, division, and
manipulation of decimals and fractions. In Phase 2, partic-
ipants completed a comprehensive online survey in which
information on math anxiety, math personality, the number
of strategies used to prepare for the medication dose calcu-
lation test, and program of study was collected. In Phase
3, participants completed a medication dosage calculation
test on paper without a calculator. The avoidance of calcu-
lators was based on a philosophical decision made by the
math committee of the school. This test was completed six
weeks after students learned how to perform medication dose
calculations. Data were collected over a four month period
(September to December) in 2015.

2.1 Math anxiety

Math Anxiety was evaluated using the Abbreviated Math
Anxiety Rating Scale (A-MARS) created by Alexander and
Martray.[41] The A-MARS is a compilation of 25 questions
that qualitatively measure the amount of anxiety a participant
feels about specific aspects of mathematics, on a scale of ‘not
at all’ to ‘very much’. For the purpose of this study, quan-
titative values were attached to the four potential responses
for each question in the A-MARS as follows: ‘Not at all’,
indicating no math anxiety, was assigned a value of 0; ‘a little
math anxiety’ was assigned the value of 1; ‘a fair amount of
math anxiety’ was assigned a value of 2; ‘much math anxiety’
was assigned a value of 3; and ‘very much math anxiety’ was
assigned a value of 4. An average score for all questions was
calculated to determine math anxiety for each participant.
Anxiety scores can range from 0 to 4. The 25 item version of
this tool has been validated and is both internally consistent
and reliable.[41]
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2.2 Math personality

In order to determine math personality survey, six questions
were selected, with permission, from a more extensive sur-
vey developed by Dr. S. Chinn.[42] Students were sorted
into two groups (Inchworms and Grasshoppers) based on
their answers to six questions about how they would ap-
proach arithmetic questions. Participants were not required
to answer the arithmetic questions, they simply had to think
about their process as if they were answering the questions.
To provide quantitative data, responses associated with a
Grasshopper personality were assigned a value of 1, while
Inchworm personality responses were assigned a value of
0.5. Participants scoring a total value of 3-4 were coded as
an Inchworm personality while participants scoring 5-6 were
coded as a Grasshopper personality; students who scored
4-5 were classified as an Intermediate math personality. The
math personality survey was used by Chinn in1783 children
and 792 adults aged 16 years to 59 years old.[42] The psycho-
metric properties of this tool have not been reported.

2.3 Arithmetic ability

Arithmetic ability, or the knowledge of basic mathematical
skills involved in division, multiplication, ratios, fractions
and decimals was evaluated using a review test from the text-
book used to teach medication dose calculations. Students
were asked to refrain from using a calculator while complet-
ing this test; submission of a hardcopy of the test showing
manual calculations was required. Percentage scores were
then compiled for participants and used as a baseline estimate
for arithmetic ability.

2.4 Program of study

Participants identified whether they were registered in the
collaborative or compressed nursing program. The collabora-
tive program is a first-degree program with students mainly
from high school or college while the compressed program
is an accelerated program for students with at least two years
of university experience.

2.5 Test-preparation strategies

Students were asked to check which options they used to
prepare for the medication dose calculation test from a se-
ries of four different options (textbook, math review videos,
individual tutoring sessions, none). In order to analyze the
relationship between score on the medication dose calcula-
tion test and the number of interventions utilized, students
were split into two groups. Those who used between 0-2
interventions were grouped together, and those who used 3-4
interventions were grouped together.

2.6 Analysis

Frequencies, means, and standard deviations were calculated
to describe the respondent profile. Chi-square tests and t-tests
were used to compare the profiles of students in the com-
pressed and collaborative programs. Multiple linear analysis
was used to answer the two main research questions. The
level of significance (type I error rate) is 0.05.

The first research question, “Do arithmetic ability, mathe-
matics anxiety, program of study, mathematics personality,
the number of test preparation strategies, and/or age pre-
dict medication dose calculation test results?” was tested
using multiple linear regression. The variables selected for
inclusion in the linear regression which were outlined in the
research question with the exception of ‘mathematics person-
ality’ and age. Univariate correlations between each of the
independent variables and drug calculation test results were
done. The Spearman rho for math personality and mid score
was rho = -.003 (p = .975); for this reason, math personality
was not included in the regression analysis. As age data was
collected as a categorical variable and the numbers of stu-
dents in age groups higher than 20 were relatively small, age
was dichotomized (20 years or fewer, greater than 20 years
of age). The Cramer’s V for age dichotomized and program
was 0.84. Only one of the two variables, program of study,
was included in the regression analysis because the strong
correlation between these two variables suggested they were
essentially measuring the same thing.

While math anxiety scores were normally distributed, neither
the baseline test scores (arithmetic ability) or the mid-term
drug calculation test scores were normally distributed. Both
variables were transformed (Log10(K-X) transformation for
arithmetic ability and SQRT(K-X) for mid-term drug calcu-
lation test scores). Continuous variables initially included
in the analysis were arithmetic ability, mathematics anxi-
ety, and the number of test preparation strategies; program
of study, both mathematics personalities (inchworm vs not
and grasshopper vs not)y and age were both dichotomous
variables so dummy coding was not required. The remain-
ing assumptions for linear regression were tested. There is
no first order linear auto-correlation; relationships between
each independent variable and the dependent variable are
linear, there is homogeneity of variance (homoscedasticity)
and no multicollinearity. A minimum of five subjects per
variable and optimally 20 subjects per variable have been
recommended for multiple linear regression;[43] there are
7 independent variables in this analysis and 163 students
participated such that there are 23 subjects per variable.

The second research question, “Do baseline test score, pro-
gram of study, math personality, the number of test strategies,

Published by Sciedu Press 83



http://jnep.sciedupress.com Journal of Nursing Education and Practice 2019, Vol. 9, No. 8

and/or age predict math anxiety?” was also testing using
multiple linear regression analysis. The variables selected
for inclusion in the linear regression were outlined in the
research question. As in the previous analysis baseline test
score, and the number of test strategies used were treated as
continuous variables; program of study, mathematics person-
ality and age were categorical/dichotomous variables. All
assumptions for doing a linear regression analysis were met.
There are 6 independent variables in this analysis and 163
students participated such that there are 27 subjects per vari-
able.

Based on the results of the previous analysis, two regression
models were calculated to determine the path coefficients and
“e-values” (error variances) for the model shown in Figure 1.
The program of study and math anxiety were regressed on
medication dose calculation test results; and math personality
(Inchworm) and number of test preparation strategies were
regressed on math anxiety.

3. RESULTS
A total of 163 students participated in the study, 55 from the
compressed program and 108 from the collaborative program.
The distribution of ages between students in the collabora-
tive and compressed programs differed significantly (χ2 =
116.32, p < 0.001) with most students in the collaborative
program (92%) being under the age of 20 and most students
in the compressed program (73%) being between the ages of
21 and 25. Students in the collaborative program were more

anxious (t161=-2.67, p = .008) and used more test prepara-
tion strategies (t161 = -2.77, p = .006) than students in the
compressed program. There was no significant difference
in the arithmetic baseline test score or in the distribution of
math personalities between the two groups (see Table 1).

Table 1. Respondent profile
 

 

 
Compressed 
Program 

Collaborative 
Program 

Age (#/%) 
16-20 yrs 
21-25 yrs  
26-30 yrs 
30-34 yrs 

 
3 (5.45) 
40 (72.73) 
6 (10.91) 
6 (10.91) 

 
99 (91.67) 
8 (7.41) 
1 (0.93) 
0 (0) 

Math Personality (#/%) 
Inchworm  
Intermediate 
Grasshopper 

 
36 (65.45) 
11 (20.00) 
8 (14.55) 

 
66 (61.11) 
24 (22.22) 
17 (15.74) 

Anxiety 1.29 ± .73 1.61 ± .73 

Baseline test score 87% ± 18 92% ± 14 

Number of test-preparation strategies 1.6 ± .68 1.9 ± .78 

Dose calculation test score (%) 91.31 ± 8.42 86.80 ± 9.74 

 

3.1 Research question 1

A multiple regression was conducted predicting mid-term
drug calculation test results. Overall, the regression was
significant, F(4,158) = 6.54, p < .0005. R2 = .142. Of the
predictors investigated, only anxiety and program of study
significantly predicted score on the medication dose calcula-
tion test (Table 2).

Table 2. Predictors of medication dose calculation test results
 

 

b SE b β p 

Constant 1.481 .438   

Baseline test score .057 .185 .023 .757 

Math anxiety .386 .147 .218 .01 

Program of study .488 .214 .175 .024 

Number of preparation strategies used .217 .143 .126 .132 

Notes. R2 = .142; R2
adj = .140. 

 
Table 3. Predictors of math anxiety

 

 

 b SE b β p 

Constant .149 .262   

Pre-test score .103 .099 .073 .303 

Program of study .214 .114 .136 .061 

Mathematics personality 
Inchworm 
Grasshopper 

 
.296 
.025 

 
.130 
.175 

 
.192 
.012 

 
.024 
.886 

Number of preparation strategies used .405 .070 .415 p < .0005 

Notes. R2 = .245; R2
adj = .220. 
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3.2 Research question 2
As outline above, age was omitted from the regression anal-
ysis. Math personality was retained because in univariate
analysis there was some relationship to anxiety. Dummy
variable coding was done for the variable mathematics per-
sonality (Inchworm versus other, Grasshopper versus other).
A multiple regression was conducted predicting math anxiety.
Overall, the regression was significant, F(5, 156) = 10.106
, p < .0005. R2 = .245. Of the predictors investigated, only
math personality (Inchworm) and number of test preparation
strategies used by the students significantly predicted scores
on the medication dose calculation test (see Table 3).

3.3 Relationship between variables

Path coefficients (β’s) and unexplained variance terms (e)
are shown in Figure 1. Both the numbers of test prepara-
tion strategies used and math personality (Inchworm) predict
student’s math anxiety, with the numbers of test preparation
strategies having the stronger impact. Neither has any direct
impact on medication dose calculation scores. Math anxi-
ety and the student’s program of study are directly related to
medication dose calculation scores with the strength of the re-
lationship between anxiety and medication dose calculation
test scores being in the moderate range.

Figure 1. Relationship between variables

4. DISCUSSION

Nurses spend a significant amount of time administering
medications and yet medication errors continue; a significant
proportion of these errors involve calculation errors in med-
ications such as anti-infective or cardiac drugs, for which
errors produce potential significant harm.[18, 19, 21] Successful
nursing student education that results in accurate calcula-
tion of medication doses is important to reduce medication
errors in practice. Understanding the key factors that lead
to reduced ability to accurately perform mediation dose cal-
culations can provide opportunities to devise educational
program factors that will improve accuracy of medication
dose calculations in nursing students in order to improve
medication safety in patients.

The results from this study suggest that Canadian first year
baccalaureate nursing students are similar but not identical
to nursing students around the world when considering the
parameters that reduce performance on medication dose cal-
culation tests. Math anxiety and program of study were found
to impact the ability to perform medication dose calculations,
while math personality, arithmetic ability, and the number of
strategies used to prepare for the test did not. Awareness of

which factors are linked to the ability to accurately calculate
medication doses can be used to design teaching strategies
to improve the ability of nursing students to calculate medi-
cation doses accurately.

Math anxiety has been documented to negatively impact the
calculation of medication doses in nursing students and prac-
ticing nurses across the world.[6, 10, 13, 16, 37, 44] This study is
the first to measure math anxiety levels in Canadian nursing
students, though the presence of math anxiety in Canadian
nursing students and practicing nurses has been noted.[36]

While the average math anxiety level reported in the study
was only mild (1.5 out of a possible 4), math anxiety signifi-
cantly reduced performance on the medication dose calcula-
tion test (see Table 2) in our students. It is not surprising that
math anxiety is a key factor because students feel the burden
of correctly calculating doses to prevent harm.[8, 25, 36] Math
anxiety may also be associated with the paper-and-pencil
test situation, which is not similar to the clinical situation,[28]

or if passing the test is linked to a significant outcome such
as graduation[39] or progression to the next clinical course.
Lower self-efficacy is also associated with increased anxiety
and reduced ability to accurately perform medication dose
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calculations.[10, 13, 38] Since math anxiety was found to be a
strong predictor of performance of first year baccalaureate
nursing students on a medication dose calculation test (see
Table 2), strategies to reduce math anxiety levels in nursing
students could improve performance of first year nursing
students on a medication dose calculation test.

One potential intervention is the use of a calculator; stu-
dents were not allowed to use a calculator during the testing
which has been shown to decrease performance and increase
math anxiety;[34] this is linked to decreased self-efficacy in
math.[10] Typically, schools of nursing do not allow cal-
culator use during testing.[4, 12, 32, 34, 45] Use of a calculator
during testing has been found to lead to improved accuracy in
medication dose calculations when a direct comparison was
made;[35] this may be linked to increased self-efficacy.[10]

When considering Reason’s Swiss cheese model and systems
approach to reduce errors,[46] the reluctance to use a calcula-
tor during testing may be a latent error by nursing educators
that should be corrected. Alternatively, incorrect data input
produces incorrect answers would be classified according to
Reason as an active error by the student.[46] A basic arith-
metic baseline test without a calculator has been suggested
as way to determine arithmetic ability before teaching be-
gins.[33] There is limited information about whether to use
a calculator during the actual teaching of medication dose
calculations. The effective use of calculators in teaching and
testing is therefore a key future question for investigation.

The program of study in which a student is enrolled was
also found to be predictive of performance of first year bac-
calaureate students on a medication dose calculation test
(see Table 2). Participants in this study were enrolled in one
of two programs at the school, either the collaborative or
the compressed program. The collaborative program con-
sists of students who entered directly from high school or
after a year within a college program. The compressed, or
accelerated program consists of students who have had uni-
versity experience; many students have completed a previous
degree. Both programs require identical high school entry
courses, including one math credit, and the entrance grade
averages are similar. The university-level entry requirements
for the compressed students do not include mathematics, and
the students come from a wide variety of university degree
programs. Compressed students achieved mastery of med-
ication calculations, defined as a result of at least 90% on
the medication dose calculation test, at a rate much higher
than collaborative students (45% collaborative students vs.
69% compressed students, χ2 = 8.24, p = .004). Upon closer
examination, the connection between this parameter and per-
formance is believed to be linked to math anxiety. Math
anxiety in compressed students was significantly lower than

anxiety in collaborative students (see Table 1). Compressed
students have had the opportunity to develop strategies to
manage their anxiety during their previous university ca-
reers,[31] whereas collaborative students are adjusting to the
first year of university as well as learning to calculate medi-
cation doses. Program and age are strongly correlated with
students in the compressed program being significantly older.
These older students may have had more time and opportu-
nity to learn to manage their math anxiety (see Table 1) be-
cause they do develop specific coping strategies to deal with
the speed and pressure of their program.[31] To our knowl-
edge, this is the first time the difference between compressed
and collaborative students has been explored with respect to
ability to calculate medication doses. An acknowledgement
of the differences between these groups of students will al-
low the development of educational resources best suited to
support each of these different nursing student populations.

It was surprising to find no significant relationship between
arithmetic ability (baseline test scores) and scores on the med-
ication dose calculation test (see Table 2), because many stud-
ies have found that arithmetic errors are a common source
of error when nursing students are calculating medication
doses.[4, 5, 26, 32] The lack of prediction found in the current
study could be due to several reasons. First, as a take-home
test, the review test was the least controlled variable in this
study. There was no way to confirm that students had ab-
stained from using calculators or working on this assignment
in groups. Secondly, there was an opportunity to review
basic arithmetic skills during the learning of medication dose
calculations; possibly the teaching here was effective in over-
coming initial problems with arithmetic, allowing success
of students in the final test. Thirdly, the review test focused
on computational ability only, while the medication dose
calculation test included arithmetic calculations plus a con-
ceptual framework of medication orders to make the final
calculations. Perhaps this contextualization of the problems
provided an enhanced understanding of how the arithmetic
functions connect to perform this specialized math.

The role of math anxiety in affecting the ability of nursing
students to accurately calculate medication doses underlines
the importance of understanding the factors that predict math
anxiety in nursing students. The Inchworm personality was
found to be predictive of math anxiety (see Table 3). The
majority of the nursing students in this study fell into the
Inchworm group (61%), while the Grasshopper personality
was least common (16%); the remaining 23% of participants
exhibited an Intermediate personality. The distribution of stu-
dents across personality types differs from the previous study
which found the Intermediate personality to be the dominant
math personality as opposed to the Inchworm predominance
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found here, but both studies found the Grasshopper person-
ality to be least common math personality in nursing stu-
dents.[15] Understanding the math personalities of the major-
ity of students in a class may be helpful in nursing education
to tailor approaches for the majority of students. Inchworm
math personality involves the step-by-step approach to prob-
lem solving which lends itself to teaching interventions more
readily than the intuitive Grasshopper approach. With respect
to math personality, it may be quite helpful to consider the
4C model of teaching dose calculations – compute, convert,
conceptualize, and critically evaluate.[33] Inchworm students
have significantly more trouble conceptualizing a problem.
Inchworm students rely on the use of a formula that can be
consistently applied to solve a problem. Inchworm students
may be less able to provide critical evaluation of their answer
as they simply accept the result determined from the formula
or calculator. The inclusion of Simulation as a teaching strat-
egy for medication dose calculations may be helpful with
these Inchworm problems. Simulation has been shown to
increase student learning of dose calculations,[32, 47–49] be-
cause it provides context and understanding of the situation.
Providing this context may also be helpful to Grasshopper
students who are unfamiliar with the clinical setting.[9, 28, 50]

The approach to preparation for the medication dose calcula-
tion test was also found to be predictive of math anxiety in
first year baccalaureate students (see Table 3). As far as we
are aware, no previous studies have performed to examine
this variable with performance of medication dose calcula-
tions. In this study, individuals who used 0-2 strategies to
prepare for the medication dose calculation test were differ-
entiated from individuals who used 3-4 interventions. This
is because investigators postulated that all students would
use the textbook and class notes at minimum to study for
the test, whether they understood to check those or not as an
strategy for preparation. Students who used more than these
two strategies would therefore be exceeding expectations to
prepare for the medication dose calculation test. Logically,
it follows that individuals who are more anxious about the
test would use a greater number of strategies to ensure that
they were well prepared and to increase their chances for
success on the test. The presence of anxiety was found to
be high in students who participated in voluntary remedial
math tutorials.[45] The use of a variety of different strategies
to prepare for the medication dose calculation tests also fits
with the methodical Inchworm math personality. Success on
the test, however, was not related to the number of strategies
used in preparation for the test (see Table 2). This empha-
sizes the fact that anxiety, not preparation, is the important
variable influencing performance. Educators need to under-
stand which extra resources that students are using in their

test preparation, and learn which methods are effective to
allow direction of students to those appropriate resources.

Findings from this study clearly indicate that math anxiety
is a key predictor of performance of first year baccalaureate
nursing students on a medication dose calculation test. Sev-
eral specific teaching and learning strategies that could be
potentially useful to reduce math anxiety can be extrapolated
from the results of this study. The development of a dedicated
Math for Nursing course can provide more in-depth oppor-
tunities for learning and reduce math anxiety; when asked,
nurses would have preferred to have a dedicated course like
this during their education.[36] This course should include the
consistent use of one formula for students.[16, 33, 51] The devel-
opment of an in-course math buddy program, which would
include compressed students as peer mentors for collabora-
tive students, could help to reduce math anxiety and improve
the ability of students to succeed on a medication dose calcu-
lation test. Supplemental math tutorials run by instructors[45]

or voluntary workshops run by peer mentors[52] improved
scores on medication dose calculation tests. Anxiety was
decreased by the instructor-led tutorials.[45] Inchworm stu-
dents particularly may benefit from remedial tutorials that
incorporate stepwise logical reasoning combined with re-
flection; this approach increases confidence.[53] An inverse
relationship exists between confidence/self-efficacy and math
anxiety, so strategies that improve confidence should reduce
anxiety.[13, 16] A dedicated course should include simulation;
when a clinical simulation is used, students get a chance to
see the dosage calculation question in the context of a whole
clinical situation.[54] Simulation provides the opportunity to
enhance exposure to clinical situations which enhances learn-
ing[9, 15, 28, 50, 55] as well as the practical approach of instant
feedback from the instructor. Math, including medication
dose calculation, is a social and contextual experience; expe-
rienced nurses, when asked how they calculate doses, were
more accurate when doing calculations that they perform
every day as they could envision the process as they worked
through the math.[29] Simulations can range from simple ex-
periences, for example questions presented with visual aids
like a bottle of pills or a syringe, to complex experiences such
as staged clinical situations where actors are employed to
act as the patient and the student has to interpret medication
orders and complete a dosage calculation before adminis-
tering the medication. Both low fidelity simulations[47, 48, 56]

and high fidelity simulations[32] improve dose calculation
test scores. The use of standardized patients in dose cal-
culation simulations improves test scores and reduces math
anxiety.[49] Threading the learning of calculations throughout
the curriculum matched to the clinical setting of the students
may support this contextual learning.
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Teaching medication dose calculations has traditionally in-
volved faculty demonstrating the formulas and the providing
practice questions both in the classroom and for further work
at home. The “absolutist”[57] approach works successfully
for some nursing students, possible the Grasshopper person-
ality, but not all. A stand-alone medication dose calculation
course developed based on the constructivist philosophy will
provide the “multiple perspectives, authentic activities, real-
world environments”[58] that may successfully connect to
each individual learner and enhance learning. Increased suc-
cess in tests for dose calculations has been demonstrated
using a constructivist-based approach to design high fidelity
simulation activities,[59] an online module[60] or traditional
classroom activities.[58] A simulated clinical experience
around medication dose calculations significantly decreased
medications errors in nursing students during a subsequent
clinical rotation.[61] The active learning strategies used in
the constructivist approach may help promote conceptual
understanding and students to engage at their own individual
level to work through confusion[62] and master medication
dose calculations. Whether the delivery of these learning ac-
tivities should be online or in a traditional classroom setting
is unclear. All teaching strategies improve dose calculation
test results over pre-test levels;[11, 16] this includes online
learning[45, 63, 64] or classroom teaching.[63, 65] The use of a
dose calculation mobile app both improved test scores and
reduced anxiety.[66]

Reducing math anxiety using the strategies outlined above
will enhance the ability of Inchworm students to compute
and convert numbers to perform medication dose calcula-
tions accurately. Nursing educators must provide a variety
of learning and review resources to support arithmetic abil-
ity; the presence of these resources is more important that
the type of resource.[16, 51] Understanding the role for calcu-
lators in teaching and testing is important as this increase
confidence in students.[10]

The use of the review test as an approximation of baseline
arithmetic ability is a limitation of this study because there
is no assurance that students completed the tests alone with-
out the use of a calculator. Another limitation in this study
comes from not accounting for gender differences in math
performance and anxiety due to time constraints, as this work
was part of a fourth year thesis. Male students tend to show
less math anxiety and perform better than females on math-
related tasks;[67] a future analysis of gender would be useful
because this information could be used to design more spe-
cific teaching strategies to reduce anxiety in female students.
Another limitation is that this work is from a single site and
only involves first year BScN students. A final limitation in
the study design is its implicit reliance on self-reports using
online surveys from participants to collect data.

5. CONCLUSION
Math anxiety is a key predictor of performance by first year
baccalaureate nursing students on a medication dose calcu-
lation test. Compressed students, who have had previous
university experience, have lower math anxiety levels and a
higher mastery of medication dose calculations than younger,
collaborative students. Students who experience greater math
anxiety use a greater variety of strategies to prepare for the
medication dose calculations test and are also students who
have an Inchworm math personality. Therefore effective
strategies that will alleviate math anxiety must be considered
when designing strategies for teaching medication dose cal-
culations to nursing students. These strategies must include a
consideration of successful approaches to teaching students
who possess the step-by-step Inchworm math personality.
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